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Abstract 
The steel tube-angle connections have widely used in electric transmission towers. However, there is no technical 
information regarding the behavior of the connections, and it is lack of  effective design of rational basis. Thus, a 
analytical parametric study was conducted to investigate the behavior of tube-angle connections.The analytical results 
were in good agreement with existing experimental results.The effects of eccentric loads and parameter change on the 
ultimate strength were considered. And the analytical results show that ultimate capacity of eccentric loads  were 
significantly lower than that of the axis loads, and the ultimate load of tube-angle connections increases linearly with 
the thickness of the gusset plate. Besides this,diameter/thickness ratios have an effect on the capacity. In addition,as 
the distance between the angle end and the steel tube increases, the ultimate strength becomes lower.  
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1.Introduction 
The combo steel tube tower has widely being used in long span transmission towers and cell towers, 
because of the superiority of mechanical performance of steel tube and its attractive looks. The joint 
ofcombo steel tube tower is made of steel tubes and angles, and they are jointed by gusset plates in bolts. It 
is this kind connection that make the gusset in eccentric compression. However, the connection design 
conforms to the steel structure codes( GB50017-2003)[1],which is proposed basing on the experiment 
results of welded double angle truss joint conducted by Li Guangzhao[2],Zhao Xiyuan[3] etc. At present, 
the research concerning on gusset plate focus on axis loading condition,rarely on the eccentricity 
condiction. So the joint is lack of rationality. And It is essential that more studies on the subject should be 
carried out. It avails to showing to development of plastic zones and failure modes of the joint. Moreover,It 
is of significance to propose the ultimate bearing capacity formula and guide the engineering design. This 
paper focuses on the analysis of eccentricity connection  and joint parameters effect on the joint capacity. 
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2.Finite Element Models of the Joint and Mode Verification 
2.1.The material mechanical performance 
The joint is made of Q235 steel, of which elastic modulus is E=2.06×105N/mm2,Poisson ratio is 
0.3,constitutive relations is multilinear elastic isotropic hardening model,which takes the  nonlinear into 
consideration,shown in fig.1. And the material conforms to the von Mises Yield Criterion and relative flow 
principles. 
Figure 1.  stress versus strain curve 
2.2.Simulation of bolted connection 
The bolted is simulated by contact methods. Contact elements ,conta174 and targe170,is used to 
simulate the mutual action of gusset and plate,angle and nuts, bolt bar and hole. The gusset and steel tube 
are in rigid connection,and all welds in them are no consideration. The model adapt the solid element 
solid45 to take the thickness into account in mapped mesh[4]. 
2.3.Boundary condition and loading way 
Figure 2. Finite element model of combo steel tube tower  
All the DOF of one end of the steel tube are constrained, the axial direction of the other end of tube is 
free. The two angles can freely move in the the axial direction,and the radial direction are all 
constrained,shown in the fig.3. And the loads are spread out all the nodes of the elements of the steel ends. 
The loads of the two angles are antisymmetry. That is one angle is under tension,and the other is in 
compression[5]. 
2.4. Criterions to determine ultimate bearing capacity 
 The ultimate bearing capacity of the joint is the maximum pressure on the angle endˈwhen the joint is 
failure[6].There are three criterions to determine the ultimate bearing capacity, ultimate strength 
criterion,Ultimate deformation criterion,and the criterion of development of visible cracks. If there is the 
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extremal point in the load-deformation curves of the joint, for example the compression connections,the 
ultimate strength refer to the extremal point,shown in curve A in the fig.3. And if the capacity increases as 
the deformation increases, the ultimate strength is regarded  as the capacity correspond to the ultimate 
deformation, curve B in the fig.3. According to Yura[7], the ultimate is the minimum value between the 
extremal point and the capacity correspond to the ultimate deformation. Then the ultimate deformation of 
the steel tube is that when the plastic  deformation reaches the 3 percents of the thickness of the steel tube. 
When the tube wall deformation reach the value,the joint is failure[8]. 
Figure 3. Ultimate Bearing Capacity Criterion 
2.5.1.5 Verification of the finite element models of the joint 
Application of Finite Element Models above simulate the angle joint in compression conducted by 
Lutz[9]. And the analytical results shows good agreements with existing experimental results conducted by 
Lutz. This shows the reasonability of the the finite element models.  
3.The Analysis of Joint Parameter 
3.1.The eccentricity[10] effect on the ultimate bearing capacity 
From the deforming graph fig.4,fig.5 and load-deformation curve,fig6,at the beginning of the Loading, 
the capacity increase in linear growth and this indicates the gusset plate is at elastic stage[11]. With the 
increase of the deformation,when the joint reaches the failure loads,the deformation out of the plane rises 
sharply. And then most of gusset plate in compression yields,shown in fig.4. There is bending evident 
phenomenon[12]out of gusset plate,shown in fig.5. 
The area with high stress mainly distribute in the effective width brand of the gusset plate area in 
compression. The deformation of gusset plate near to the angle back is larger than that of angle 
sharp,which is the largest deformation the plate[13]. This is caused by bending and torsion of angle in 
compression. This is because that the deformation of gusset plate near to the angle back is consistent with 
deformation with the deformation of bending and torsion. So the deformation increase faster. And it is firs 
to fail. deformation of gusset plate near to the angle sharp is opposite with deformation of bending and 
torsion. So the deformation is restrained. 
Figure 4. Stress distribution of the gusset plate 
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Figure 5. The curve of load versus displacement 
Figure 6. The curve of load versus displacement 
Compared to the joint model of double angles truss joint, the single angle joint in eccentricity loads 
ultimate strength is about 60 percents of that of the double double angles truss joint,which is in axial loads. 
This shows that the eccentricity affects the greatly on the ultimate strength of joint.decreased highly. The 
fundamental reasons of the the ultimate capacity decreased greatly is that the second-order effect caused by 
the deformation out of the plane of the gusset plate. This the difference between eccentricity connection 
and the axial connection. Therefore, it is necessary to go on further research on the kind of joint. 
Compared to the joint model of double angles truss joint, the single angle joint in eccentricity loads 
ultimate strength is about 60 percents of that of the double double angles truss joint,which is in axial loads. 
This shows that the eccentricity affects the greatly on the ultimate strength of joint.decreased highly. The 
fundamental reasons of the the ultimate capacity decreased greatly is that the second-order effect caused by 
the deformation out of the plane of the gusset plate. This the difference between eccentricity connection 
and the axial connection. Therefore, it is necessary to go on further research on the kind of joint.  
3.2.Thickness of gusset plate effect on the joint ultimate bearing capacity 
In order to investigate the gusset plate effect on the ultimate bearing capacity of combo steel tube 
towerˈdifferent gusset plate thickness models are builded. The model size is that,the diameter  of steel 
tube D is 159mm,thickness of the steel tube T 5,and the thickness of the gusset plate Tp are
6,8,10,12,respectively. The load-deformation of different gusset plate size model are shown in fig.7. 
Figure 7. Load versus displacement curve of various thicknesses in the gusset plate 
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According to the FEA result,the thickness has siginificant effect on the joint ultimate capacity. From 
the fig.6,when the thickness is small, the failure modes is parts yield. With the increase of the thickness of 
gusset plate, the ultimate strength increases in linear growth. The answer is that lateral stiffness of the 
gusset plate and the resistance to the bending and torsion enhance as the thickness increase. Then the 
failure model changes to bending failure[14]. 
3.3.Diameter/thickness ratios of the steel tube¤effect on the joint ultimate bearing capacity 
In order to investigate the gusset plate effect on the ultimate bearing capacity of combo steel tube 
towerˈdifferent gusset plate thickness models are builded. The model size is that,the diameter  of steel 
tube D is 159mm,thickness of the steel tube T 5,and the thickness of the gusset plate Tp  are 
6,8,10,12,respectively. The load-deformation of different gusset plate size model are shown in fig.7. 
Figure 8.  Load versus displacement curve of various thicknesses in the gusset plate 
According to the FEA result,the thickness has siginificant effect on the joint ultimate capacity. From 
the fig.6,when the thickness is small, the failure modes is parts yield. With the increase of the thickness of 
gusset plate, the ultimate strength increases in linear growth. The answer is that lateral stiffness of the 
gusset plate and the resistance to the bending and torsion enhance as the thickness increase. Then the 
failure model changes to bending failure[14].  
3.4. Diameter/thickness ratios of the steel tube¤effect on the joint ultimate bearing capacity 
 Models of different diameter/thickness ratios of the steel tube are builded. In the models,the diameter 
of steel tube D is 159mm,and thickness of the gusset plate Tp is 6 mm.The net distance c between the angle 
end and the steel tube in the axial direction of angle which is in compression, is 100,and thickness of the 
steel tube T  are 5,7,9,11,respectively. The diameter/thickness ratios correspond with the steel tube 
thickness are 31.8,22.7,17.7,14.5 respectively. The load-deformation of differentdiameter/thickness ratios 
of the steel tube model are shown in fig.8. 
Figure 9. load versus displacement curve of various diameter /thickness ratio of steel tube 
According to the FEA results,diameter/thickness ratios of the steel tube have an effect on the ultimate 
strength.the ultimate bearing capacity increase as the ratios increases. Because the ratios rises,the lateral 
constraint will increase. Then the deformation out of plate steadily decline. The diameter/thickness ratios 
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and the plate thickness influence each other to determine the joint  ultimate capability. When the plate 
thickness is small,the growth tendency is not clear. With the increase of plate thickness,the constraint 
capability gradually strengthen. So in the design,it is indispensable to take the social, economic and 
environmental objectives into account to choose the  reasonable diameter/thickness ratios. 
3.5.The net distance c between the angle end and the steel tube in the axial direction of angle effect on the 
joint ultimate bearing capacity. 
Models of different net distances c between the angle end and the steel tube in the axial direction of 
angle are builded.In the models,the diameter of steel tube D is 159mm,thickness of the steel tube T 5,and 
thickness of the gusset plate Tp is 6 mm. Different net distances c are 100,150,200,250mm,respectively. 
The load-deformations of net distances c model are shown in fig.9. 
Figure 10.  Load versus displacement curve of the various of distance between the angle end and the steel tube 
According to the FEA results,the ultimate bearing capacity decreases with the increase of the net 
distance c. This is because the effective width brand[15] expand with the increase of c,and the lateral 
stiffness increases.Then the ultimate strength rises. When the plate thickness is small,the lateral stiffness is 
small,and the tendency is not clear. However,when the net distance c is small,then the angle end is near to 
the steel tube. In the boundary regions, structural breaks make the gusset stress concentration. In this 
situation,the failure modes change strength failure from the instability. 
4.Conclusion  
In the joint design, the bolted connection between gusset plate and angle, make the joint in the 
eccentricity status. In this situation,there is a marked drop in ultimate bearing capacity,which is around 60 
percents of the strength of the joint in axial condiction. So the eccentricity can not be ignored in the design. 
With the increase of the thickness of gusset plate, the ultimate strength increases in linear growth. The 
diameter/thickness ratios and the plate thickness influence each other to determine the joint ultimate 
capability. And the ultimate bearing capacity decreases with the increase of the net distance c between the 
angle end and the steel tube in the axial direction of angle. 
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